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ABSTRACT 
The aim of this paper was to determine the size of the pre-ovulation follicle in the corpus luteum, and in blood 
progesterone on the sixth and twelfth days after ovulation, in Holstein, Brown, Swiss and Criollo breeds grazing in 
Ecuadoran Highlands. The size of the pre-ovulation follicle and corpus luteum, and the blood progesterone levels 
were determined on days six and twelve, in nine heifers from each breed. Assessment of ovarian structures was made 
by ultrasound scanning. The concentration of blood progesterone was determined by electrochemiluminescence. The 
pre-ovulation follicle in Criollo heifers was larger (14.6 ± 0.41 mm) than in Holstein (12.7 ±0.47 mm), and in Brown 
Swiss (12.7 ± 0.65 mm). The progesterone concentration on days six and twelve after ovulation of Criolla heifers 
was higher than for Holstein and Brown Swiss(11.0 ± 1.68 ng/ml, and 18.4 ± 2.04 ng/ml, respectively). The linear 
association values were high and significant (P < 0.05) in the pre-ovulation follicle, corpus luteum and progesterone, 
in Holstein and Brown Swiss. It was demonstrated that for every additional millimeter above the Criollo mean on the 
sixth day, 1.67 ng/ml more of progesterone was generated in Criollo heifers (P < 0.05) than in the rest. It was con-
cluded that the Criollo heifers had higher progesterone levels than Holstein and Brown Swiss on the sixth and twelfth 
days, thus producing better conditions in the uterus, with lower early embryo losses. 
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INTRODUCTION  
One of the main causes of dairy cow infertility 
is embryonary mortality (30-40% of losses occur 
before the 17th day after fertilization) (Araujo, 
Bermeo, Maza and Meriño, 2005; Lonergan, Fair, 
Forde, and Rizos, 2016). Consequently, the cows 
return to estrus after completing the equivalent of 
a normal estrus cycle (Bridges, Wright, Buford, 
Ahmad, Hernández-Fonseca, McCormick, and In-
skeep, 2000; Chabbert-Buffeta, Skinner, Caraty 
and Bouchard (2000). Thatcher (1994)determined 
that embryonary survival depends on optimum 
synchrony between the embryo and mother, in 
which several, autocrine, paracrine, and endocrine 
factors take place. Furthermore, several studies 
have made reference to the importance of POF to 
form CL at the P4 levels that would be generated, 
which, in turn, will determine a favorable uterine 
environment so the embryo develops (Gonella, 
2010; Forde, Bazer,Spencer and Lonergan, 2015). 
This requirement becomes more evident when 
genetic breeding (embryo transfer) is applied, thus 
proving that the POF size, Cl volume, and secre-
tion of P4 associate to establish and maintain 
pregnancy (Vasconcelos, Sartori, Oliveira, 
Guenther and Wiltbank, 2001; Brooks, Burns and 
Spencer, 2014). As a result, they affect the effi-
ciency of embryo transfer (Baruselli, DesáFilho, 
Martins, Reis and Nasser, 2005; Kenyon, Men-
donga, Lópes, Lima, Santos, and Chebel, 2013), 
particularly in terms of pregnancy percent. There-
fore, it is important to have the receptor cows, as 
well as the inseminated cows, with CL values that 
favorproper formation of uterine environment that 
leads to optimum early embryo development 
(Walsh, Williams and Evans, 2011).   
In order to better understand this areaseveral 
studies have been done to Bostaurus and Bosin-
dicus. However, the information generated in 
Latin American Criollo breeds is insufficient. 
These animals have features that make them 
unique, like adaptation to diverse ecosystems for 
over 500 years, high yields, maternal instincts, 
longevity, resistance to disease, tolerance to ex-
treme weather, nutrition on poor and scarce pas-
tures in the area (Aguirre,Bermeo, Maza, and Me-
rino,2011). Besides, their morpho-structural traits 
allow them to handle semi natural  growing habi-
tats more properly (Primo, 1992). Unfortunately, 
the need to increase production has demanded the 
introduction of other breeds (Holstein and Brown 
Swiss), with high yields, but also requiring more 
intensive management in terms of feeds and fa-
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cilities which the economy cannot provide (FAO, 
2015).   
The aim of this paper was to determine the size 
of the pre-ovulating follicle in the corpus luteum 
(CL), and the levels of blood progesterone (P4) on 
the sixth and twelfth days post-ovulation, in Hol-
stein, Brown, Swiss and Criollo breeds grazing in 
the Ecuadoran Highlands.    
MATERIALS AND METHODS 
This research took place on the experimental 
farm named "Irkis", Faculty of Agricultural Sci-
ences, University of Cuenca, Ecuador, located on 
the 3044181 S and 79040813 O coordinates, 2 
715 meters above sea level, 14º C mean tempera-
ture, 80% relative humidity, and 800-2 000 mm of 
precipitations. The study took into account the 
following sanitary code standard for land animals, 
chapter 7.8: Use of animals for research and edu-
cation, by the World Organization of Animal 
Health (OIE, 2016).   
Animals in the study 
A total number of 27 heifers (Holstein (HO; 
n=9), Brown Swiss(BS; n=9) and Criollo (Cr; 
n=9)) were included. When estrus was detected, 
the heifers were kept in the same herd, from Sep-
tember 2013 to February 2015, receiving the same 
management and health maintenance conditions. 
They were fed with pasture mixture of Penni-
satum clandestinum, Lolium multiforum, Tri-
folium pratense, and Trifolium repens, supple-
mented with hay and mineral salts. The initial 
average weight was 405.3±57.1 kg (HO); 
329.8±69.1 kg(BS) and 243.3±45.0 kg (Cr), with 
a body condition (BC) of 2.6±0.04(HO); 
2.7±0.11(BS) and 2.6±0.11(Cr), determined in a 
1-5 scale (Edmonson, Lean, Weaver, Farver and 
Webster, 1989), with no statistical differences 
(P > 0.05). The average age of every breed group 
was 19.7±2.9(HO); 20.4±4.1(BS) and 19.9±4.8 
(Cr) months.  
Synchronizing protocol (before the beginning of 
the study).   
Determinations were made after an estrussyn-
chronizing protocol with prostaglandin F2α at 
25mg PGF 2α doses (Lutalise®, Zoestis), intra-
muscularly (IM) on days 0 and 11 during the pro-
tocol. After the second application adhesive 
patches to detect estrus were placed on the sacro-
coccygeal joint and the animals were observed be-
tween the first and the seventh days after every 
PGF 2α injection, for 30 min, at 12 h intervals. 
Estrus was corroborated in the animals when they 
agreed to mating without moving reflexes 
(Roelofs, López-Gatius, Hunter, Van Ecerdenburg 
and Hanzen, 2010).  
Size of the Preovulating follicle and the Corpus 
luteum (days 6 and 12)  
The size of the preovulating follicle (POF) was 
evaluated 12 h after the beginning of estrus detec-
tion, confirming ovulation 24 h later, by echogra-
phy. Ovulation was acknowledged when the fol-
licular structure was gone from the same ovary it 
was observed in. The size of the corpus luteum 
(CL) was measured on the 6th and 12th days, ac-
cording to the criteria stated by Herzog et al. 
(2010)that the structure has three stages: growth 
until day 4; statics (6 days), and regression (17 
days and on).   
Ultrasound evaluation             
The study of ovarian structures was made by 
echography (multifrequency AlokaProsound 2, 
with a linear transducer of 7.5 MHz). The two 
ovaries from all the animals were evaluated using 
the scanning technique, located lateral-medial, 
dorsoventral and cranio-caudal, the right side 
first, then the left one, according to Perea et al. 
(1998). This process was performed on the estrus 
day to measure the POF; then on the 6th and 12th 
days after ovulation, to determine CL size. Each 
image selected was recorded, the relative position 
of every structure was sketched on a field record 
to carry out ovarian mappings, as described by 
Pierson and Ginther (1984). The mean of two 
measurements (mm) of height by width, was used 
to determine the size of the structures.  
Progesterone measurements (P4)   
On the 6th and 12th post-ovulating days, blood 
samples were taken from each heifer, starting 
time 08:00, always keeping the same order. The 
samples (10 ml) were collected by piercing the 
jugular vein, using heparinVacutainer™ tubes and 
16-g needles made for these tubes. Immediately 
after, the sample was centrifuged for 15 minutes, 
and the supernatant was collected (2ml). It was 
placed in a vial and remained frozen (-20º C) until 
analysis. The concentration of P4 was determined 
through in vitro immunological test, using lumi-
nescence with heparinizedplasma. Progesterone II 
(Cobas®) was used as reagent.  
Statistical analysis     
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Statistical analysis (SPSS 22 for Windows) was 
performed twice, at different times. The first 
analysis included data analysis by simple 
ANOVA, and the Tukey´s range test (5% signifi-
cance), considering the three breed groups by 
separate. In the second analysis, parametric corre-
lations (Pearson) were made among the groups 
and within them. Besides, the corresponding slope 
coefficients were determined for the simple linear 
regression analysis among specific variables. Ac-
cordingly, the heifers were pooled in three differ-
ent ways: all the animals(three breeds grouped), 
HO and BR heifers, and finally, the Criollo breed.    
RESULTS AND DISCUSSION 
The average size of the POF of the 27 heifers 
was 13.3±0.34 mm. Analysis of the values from 
each breed revealed that Cr showed a significantly 
larger POF (P < 0.05) than the other two. On the 
6th day the CL was 17.5±0.62 mm, reaching 
23.1±0.55 mm on the 12th day, without significant 
differences among the breeds in either moment. 
Furthermore, the mean blood concentration of P4, 
on the 6th day (11.0±1.68ng/ml), and the 12th 
(18.4±2.04ng/ml) was significantly higher 
(P < 0.05) in the Cr heifers (Table 1).    
A significant positive correlation (P <0.05) was 
observed for POF, CL, and blood concentration of 
P4 on the 6th and 12th days, in all the 27 heifers 
(Table 2). Moreover, the correlation values 
among POF, CL and blood P4 on the 6th and 12th 
days, for BS and HO heifers, had a very similar 
behavior in general terms (Table 3). However, the 
correlation values in Cr heifers had a different be-
havior (Table 4).    
Table 5 shows the linear model for the depend-
ent variable CL size on the 6th day, in relation to 
POF size for BS and HO, and the group in gen-
eral, with significant values (P < 0.01). The values 
of blood P4 on the 6th day accounted for 34 and 
41% of the size theCL would reach  in BS, HO 
and the whole group. The Cr heifers showed 62% 
(P<0.05).  
For the P4 concentrations on days 6 and 12, the 
relation values were medium and high (P < 0.05). 
Finally, these values forCL size between days 6 
and 12 were low and significant (P<0.05).    
The POF diameter differed among BS, HO and 
Cr; however, they generated corpus luteum with 
the same sizes on the 6th and 12th days, though 
they were higher for Cr.   
Pre-ovulation follicle (POF)  
Perry et al. (2005) and Chacón,Vargas, Otero 
and Villami(2005) determined that the kind of 
management, breed traits, and probably other fac-
tors, like the environmental conditions, have ef-
fects on the size of the POF. The general mean 
achieved in this study coincided with the one re-
ported by Ireland, Mihm, Austin, Diskin and 
Roche (2000).  In their concept review, they noted 
that the size of POF in heifers is 13 mm.  
The POF size in HO (12.7±0.47 mm), BS 
(12.7±0.65 mm), had similar behavior patterns to 
the general mean in the study (P > 0.05), and co-
incided with the values achieved bySirois and 
Fortune (1988), and Ginther, Beg, Bergfelt, 
Donadeu and Kot (2001), who determined a mean 
of 12.8±0.3 mm in Holstein heifers. However, it 
differed from Sartori, Haughian, Shaver, Rosa and 
Wiltbank (2004), and Echternkamp, Cushman and 
Allan (2009), who reported 15.0±0.2 mm and 
14.0±0.3 mm, respectively, in HO heifers. It also 
coincided with the 11.8±2.5 mm described by 
Perea et al. (1998) in crossbreed heifers (Holstein 
x Brown Swiss x Brahman).   
The Cr heifers had a POF of 14.6±0.41 mm, 
(P < 0.05) higher than HO (12.7±0.47) and BS 
(12.7±0.65) (Table 1),as well as from the results 
found by Chasombat, Nagai, Parnpai and Vong-
pralub (2014), in native Thai heifers (8.14±0.25 
mm), Bosindicus beef type, different from the Cr 
animals used in this dairy study.    
Corpus luteum on days 6 and 12 post-ovulation        
The increase in the size of CL on days 6 and 12 
was similar (Table 1) to the one reported by 
Herzog et al. (2010), who established CL of 
3.7±0.2 cm2 and 5.4 cm2in HO heifers for days 6 
and 12, respectively,. Echternkamp et al. (2009) 
determined CL diameter on the 7th day (19.6±0.7 
mm) and on the 12th day (20.8±0.4 mm) in heif-
ers.  In a study of crossbred heifers (Holstein and 
Brown Swiss with Brahman),they set a maximum 
CL diameter on the 4th day (11±0.2 mm), and the 
10th day (19±0.3 mm). Savio (1990) in Holstein 
heifers observed CL of 20–25 mmdiameter. 
Chasombat et al. (2014) in native Thai heifers es-
tablished a 15.14±0.14 mm CL diameter 
Progesterone blood concentrations on days 6 
and 12post-ovulation  
The P4 levels in Cr heifers on days 6 and 12 
were higher than the determinations for HO and 
BS (Table 1). The studies made by Herzog et al.   
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(2010) on heifers, set values for day 6 
(3.2±0.6ng/ml), and for day 12 
(5.2±0.6ng/ml).Echternkampet al. (2009) set val-
ues for P4 (6.5±0.6 ng/ml)on the 7th and 12th days 
(9.0±0.3ng/ml)in heifers.Chasombatet al. (2014) 
determined 2.59±0.03ng/ml over the estrus stage, 
and 4.10±0.06ng/ml for diestrous in Thai heifers. 
Sartori et al.(2004), set maximum P4 concentra-
tions at 7.3±0.4ng/ml in Holstein heifers.Perea et 
al. (1998) (HO and BS with Brahman) set top 
levels at 5.1±1.3ng/ml.The findings in HO and BS 
coincided with the results from the above men-
tioned authors. However, the P4 levels in Cr were 
higher, which could improve the conditions in the 
uterus and raise the conception percent.     
Correlation analysis                 
The correlation analysis made to the total fe-
males (in the group) determined a significant lin-
ear association (P 0.01) between the size of POF 
and the CL size on the 6th day (r=0.61) (Table 2). 
This relation was similar to the HO and BS group, 
named "foreign" (Table 3). This result coincided 
with reports by Vasconcelos et al. (2001), who 
claimed that a large CL derived from large follicle 
ovulation, since there is a positive correlation be-
tween the POF size and CL volume. Perry et al. 
(2005) described that the POF ≥12.8 mm generat-
edCL that produced bigger amounts of P4 than 
the POF <12.8 mm. However, the Cr heifers 
showed a different behavior from the two other 
groups, because the correlation value was low and 
insignificant (P > 0.05).  
The ratio pattern set between the size of CL and 
the P4 levels in foreign heifers (HO and BS), co-
incided with reports by Mann (2009), who said it 
was often assumed that a large CL can produce 
high levels of P4. It was confirmed by Echternk-
amp et al. (2009) in HO heifers. Nevertheless, the 
Cr heifers would produce 2.5-fold more P4 than 
the foreign. The high levels of P4 in Cr heifers on 
the 6th and 12th days, might favor uterine condi-
tions and embryo development, which might also 
cut down the percent of early embryo losses, a 
factor that could explain high fertility in this 
breed.   
Diskin, Kenny, Dunne and Sreenan (2002) re-
ported a positive association between the concen-
tration of P4 and the day luteolysis occurred, as 
well as furtherembryo survival rate. Furthermore, 
P4 concentration is known to affect the volumes 
of uterine secretion, and it could impact on em-
bryo development (McNeill, Diskin, Sreencin and 
Morris, 2006).   
CONCLUSIONS 
The Cr heifers had the highest blood levels of 
P4 on the 6th and 12th days post-ovulation, in 
comparison to HO and BS, which might favor 
uterine conditions, with ensuing reduction in early 
embryo losses.   
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Table 1. Mean (±SE) of POF (mm), CL (mm) and blood levels of P4 (ng/ml) in Holstein, Brown 
Swiss and Criollo heifers 
 
Breeds   
 
Criollo Brown Swiss Holstein P 
Pre-ovulating follicle (POF)  14.6±0.41b 12.7±0.65a 12.7±0.47a 0.02 
Corpus luteum on day 6 (CL)     18.3±0.79 17.2±1.41 16.9±0.98 0.67 
Progesterone on day 6 (P4)      11.0±1.68b 3.2±1.44a 3.1±0.93a 0.00 
Corpus luteum on day 12 (CL) 22.8±0.74 22.1±0.91 24.2±1.15 0.30 
Progesterone on day 12 (P4) 18.4±2.04b 9.2±1.71a 7.2±0.85a 0.00 
Different a;b letters mean a significant difference according to the Tukey´s test (5%); POF (mm); CL (mm); P4 




Table 2. Correlation values between the pre-ovulating follicle, corpus luteum and blood progesterone 
on the 6th and 12th days post-ovulation, in all heifers (pooled).  
  CL dia-
meteron day 6 
(mm)  
P4 levels on 
day 6 (ng/ml) 
CL diameter  
on day 12 (mm) 
P4 level on day 
12 (ng/ml) 
POF size (mm) 0.61** 0.65** 0.38ns 0.67** 
CL diameter on day 6 (mm)  --------  0.58** 0.53** 0.50** 
P4 levels on day 6 (ng/ml) --------   -------- 0.38ns 0.89** 
CL diameteron day 12 (mm)         --------  -------- -------  0.17ns 




Table 3. Correlation values between the pre-ovulating follicle, the corpus luteum and blood progester-
one on days 6 and 12 post-ovulation in Holstein and Brown Swiss (foreign).  
  CL diameter on 
day 6 (mm) 
P4 levels on 
day 6 (ng/ml) 
CL diameter  
on day 12 
(mm) 
P4 level on day 
12 (ng/ml) 
 POF size (mm) 0.66** 0.60** 0.48* 0.59* 
CL diameter on day 6 (mm)   --------- 0.64** 0.51* 0.58* 
P4 levels on day 6 (ng/ml)  ---------  --------- 0.53* 0.87** 
CL diameteron day 12 (mm)  --------- --------  -------  0.29ns 




Table 4. Correlation values between the size of the pre-ovulating follicle, corpus luteum and blood pro-
gesterone on the 6th and 12th days post ovulation in Criollo 
  CL dia-
meteron day 6 
(mm)  
P4 levels on 
day 6 (ng/ml) 
CL diameter  
on day 12 
(mm) 
P4 level on day 
12 (ng/ml) 
POF size (mm) 0.35ns 0.25ns 0.45ns 0.42ns 
CL diameter on day 6 (mm)  -------  0.79* 0.72* 0.62ns 
P4 levels on day 6 (ng/ml)  -------- --------  0.78* 0.71* 
CL diameteron day 12 (mm) -------   -------- -------  0.39ns 
*The correlation is significant at 0.05 
 
 
Table 5. Simple linear regression analysis of pre-ovulating follicle size, corpus luteum and progesterone 
levels on days 6 and 12 in Criollo, foreign and pooled animals.  
 Breeds  
 Pooled   Foreign Criollo 
 R2 b >b R2 b >b R2 b >b 
Pre-ovulating follicle and corpus luteum on day 6  0.37 1.11** 0.46 1.46** 0.12 0.66ns 
Corpus luteum and progesterone on day 6 0.34 1.00** 0.41 0.63** 0.62 1.67* 
Progesterone on days 6 and 12 0.8 1.11** 0.75 1.00** 0.51 0.87* 
Corpus luteum on days 6 and 12 0.28 0.47** 0.26 0.46* 0.52 0.67* 
**Significance at 0.01; *Significance at 0.05 
 
 
 
